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Kolorektal Kanser ve Epigenetik

Giris

Kanser, hiicresel ¢ogalma, hiicre metaboliz-
mas1, anjiyogenez, hiicre 6liimi, invazyon,
metastaz gibi temel siiregleri diizenleyen me-
kanizmalarin bozulmas: sonucu gelisir (1).
Kanser sadece genetik bir hastalik degildir.
Kanserin progesyonunda bagisiklik sistemi,
timor mikrogevresi ve epigenetik gibi kisi-
nin ek biyolojik siiregler de etkilidir (2). Kan-
ser genetik ve/veya epigenetik degisikliklerin
birikimi ile olusan, ¢ok adimli kompleks bir
hastaliktur.

Uluslararas1 Kanser Arastirmalar1 Ajansi
(IARC) GLOBOCAN 2020 yil1 kanser istatis-
tiklerine gore kanser, biitiin diinyada saghk
problemleri i¢inde 6nemli bir yer teskil et-
mektedir ve gelismis iilkelerdeki istatistiklere
gore kalp hastaliklarindan sonra en ¢ok 6liime
yol agan ikinci hastalik olarak degerlendiril-
mektedir (3).

Kolorektal kanser (KRK), karaciger kanse-
ri, mide kanseri, pankreas kanseri ve 6zofagus
kanseri, diinya ¢apinda kansere baglh oliimle-

1
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rin onde gelen nedenleridir. Gastrointestinal
maligniteler, bazi kanserlerden daha diisiik
insidansa sahip olmasina ragmen diinyada
ikinci sirada oliime neden olan kanserlerdir

(4).

DNA metilasyonu, mutasyon veya deles-
yon gibi genetik degisikliklere islevsel olarak
esdeger olan genomda ilimli ve potansiyel
olarak geri dondiiriilebilir bir degisiklik ola-
rak kabul edilir (5). Epigenetik, primer DNA
dizisini degistirmeden, mitotik ve/veya mayo-
tik olarak kalitilabilen gen fonksiyon degisik-
likleri olarak bir baska deyisle DNA dizisinde
degisiklik icermeyen kalitsal fenotipik degi-
siklikleri ifade eder (6).

Epigenetik, genomik fonksiyon ve aktivi-
teye rehberlik eden genom {iizerine kodlanmis
ikinci bir bilgi katmanidir. Epigenetik iki me-
kanizma ile hareket eder:

1. Genomun ve/veya protein-DNA etkilesimle-
rinin 3 boyutlu yapisini degistiren kromozo-
mal proteinlerdeki modifikasyonlar ve

2. DNA zincirinin kendisinin kimyasal modifi-
kasyonu (7).
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degistiricilerin faydasini kanitlamistir. Epi-

genetik degisiklikler degistirilmis ifadeler,

KRK’de tedavi yanitinin teshisi, prognozu ve

tahmini i¢in biyobelirtegler olarak kullanila-

bilirr. DNA metilasyonuna dayali biyobelir-

tegler ticarilestirilmis ve bu biyobelirteglerin

bazilar1 klinik uygulamaya ve KRK’deki kila-

vuzlara simdiden girmistir. Son olarak, artan

bu potansiyel belirte¢ler hakkinda ¢ok az sey
bildirildiginden, dolasimdaki DNA metilas-
yonunun 6ngoriicli roliinéi bulmak i¢in daha

fazla aragtirmaya ihtiyag vardir

Kaynaklar

10.

11.

12.

13.

14.

15.

16.

Hanahan D, Weinberg RA. The hallmarks of cancer.
Cell. 2000;100(1);57-70.

Hanahan D, Weinberg RA. Hallmarks of cancer: the
next generation. Cell Review. 2011;144(5):646-674.
Global Cancer Observatory (GCO) (14.12.2021 tari-
hinde https://gco.iarc.fr adresinden ulagilmustir).
Grady WM, Yu M, Markowitz SD. Epigenetic Altera-
tions in the Gastrointestinal Tract: Current and Emer-
ging Use for Biomarkers of Cancer. Gastroenterology.
2021;160(3):690-709.

Kulis M, Esteller M. DNA methylation and cancer. Adv
Genet. 2010;70:27-56.

Choi JD, Lee JS. Interplay between epigenetics and ge-
netics in cancer. Genomics Inform. 2013;11(4):164-73.
Kondo Y. Epigenetic cross-talk between DNA methy-
lation and histone modifications in human cancers.
Yonsei Med J. 2009;50(4):455-463.

Kanwal R, Gupta S. Epigenetics and cancer. ] Appl
Physiol (1985). 2010;109(2):598-605.

Portela A, Esteller M. Epigenetic modifications and
human disease. Nat Biotechnol. 2010;28:1057-1068.
Rodriguez-Paredes M, Esteller M. Cancer epigenetics
reaches mainstream oncology. Nat Med. 2011;17:330-
339.

Shigaki H, Baba Y, Harada K, et al. Epigenetic changes
in gastrointestinal cancers. ] Cancer Metastasis Treat.
2015;1:113-122.

Liu Y, Sethi NS, Hinoue T, et al. Comparative molecu-
lar analysis of gastrointestinal adenocarcinomas. Can-
cer Cell. 2018;33:721-735¢8.

Das PM, Singal R. DNA Methylation and Cancer. J
Clin Oncol. 2004;22:4632-4642.

Taby R, Issa JP. Cancer epigenetics. CA Cancer ] Clin.
2010;60:376-392.

Smith ZD, Meissner A. DNA methylation: ro-
les in mammalian development. Nat Rev Genet.
2013;14:204-220.

Jones PA. Functions of DNA methylation: islands,
start sites, gene bodies and beyond. Nat Rev Genet.
2012;13:484-492.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Kim JK, Samaranayake M, Pradhan S. Epigenetic mec-
hanisms in mammals. Cell Mol Life Sci. 2009;66:596—-
612.

Shen L, Kondo Y, Guo Y, et al. Genome-wide profiling
of DNA methylation reveals a class of normally methy-
lated CpG island promoters. PLoS Genet. 2007;3:2023-
2036.

Sulewska A, Niklinska W, Kozlowski M, et al. DNA
methylation in states of cell physiology and pathology.
Folia Histochem Cytobiol. 2007;45:149-158.
Subramaniam D, Thombre R, Dhar A, Anant S. DNA
methyltransferases: a novel target for prevention and
therapy. Front Oncol. 2014;4(80):1-13.

Robertson KD. DNA methylation and chromatin-un-
raveling the tangled web. Oncogene, 2002;21:5361~
5379.

Locke W], Guanzon D, Ma C, et al. DNA Methylation
Cancer Biomarkers: Translation to the Clinic. Front
Genet. 2019;10:1150.

Wang J, Chang S, Li G, Sun Y. Application of liquid
biopsy in precision medicine: opportunities and chal-
lenges. Front Med. 2017;11(4):522-527.

Gai W, Sun K. Epigenetic biomarkers in cell-free
DNA and applications in liquid biopsy. Genes (Basel).
2019;10(1):32.

Dagogo-Jack I, Shaw A. Tumour heterogeneity and
resistance to cancer therapies. Nat Rev Clin Oncol.
2018;15:81-94.

Xiao FH, Wang HT, Kong QP. Dynamic DNA Methy-
lation During Aging: A “Prophet” of Age-Related Out-
comes. Front Genet. 2019;10:107.

Alvarez H, Opalinska J, Zhou L, et al. Widespread hy-
pomethylation occurs early and synergizes with gene
amplification during esophageal carcinogenesis. PLoS
Genet. 2011;7(3):e1001356.

Prada D, Gonzalez R, Sanchez L, et al. Satellite 2 de-
methylation induced by 5-azacytidine is associated
with missegregation of chromosomes 1 and 16 in hu-
man somatic cells. Mutat Res. 2012;729(1-2):100-105.
Stone A, Zotenko E, Locke WJ, et al. DNA methylation
of oestrogen-regulated enhancers defines endocrine
sensitivity in breast cancer. Nat Commun. 2015;6:7758.
Ehrlich M. DNA hypomethylation in cancer cells. Epi-
genomics 2009;1:239-259

Grady WM, Willis J, Guilford PJ, et al. Methylation of
the CDH1 promoter as the second genetic hit in here-
ditary diffuse gastric cancer. Nat Genet. 2000;26:16-17.
Klutstein M, Nejman D, Greenfield R, et al. DNA
methylation in cancer and aging. Cancer Res.
2016;76:3446-3450.

Van Tongelen A, Loriot A, De Smet C. Oncogenic ro-
les of DNA hypomethylation through the activation of
cancer germline genes. Cancer Lett. 2017;396:130-137.
Nagai Y, Sunami E, Yamamoto Y, et al. LINE-1 hy-
pomethylation status of circulating cell- free DNA in
plasma as a biomarker for colorectal cancer. Oncotar-
get. 2017;8:11906-11916.

Hur K, Cejas P, Feliu J, et al. Hypomethylation of long
interspersed nuclear element-1 (LINE-1) leads to acti-
vation of proto- oncogenes in human colorectal cancer
metastasis. Gut. 2014;63:635-646.



334  Gastrointestinal Sistem Kanserlerinde GUncel Yaklasimlar

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Milicic A, Harrison LA, Goodlad RA, et al. Ectopic
expression of P-cadherin correlates with promoter hy-
pomethylation early in colorectal carcinogenesis and
enhanced intestinal crypt fission in vivo. Cancer Res.
2008;68(19):7760-7768.

Pérez RF, Tejedor JR, Bayén GF, et al. Distinct chroma-
tin signatures of DNA hypomethylation in aging and
cancer. Aging Cell. 2018;17(3):e12744.

Wilson AS, Power BE, Molloy PL. DNA hypomethy-
lation and human diseases. Biochim Biophys Acta.
2007;1775:138-162.

UshijimaT. Epigenetic field for cancerization. ] Bioc-
hem Mol Biol, 2007;40:142-150.

Komor MA, Bosch L], Bounova G, et al. Consensus
molecular subtype classification of colorectal adeno-
mas. J Pathol. 2018;246:266-276.

Hinoue T, Weisenberger DJ, Lange CP, et al. Geno-
me-scale analysis of aberrant DNA methylation in co-
lorectal cancer. Genome Res. 2012;22:271-282.

Luo Y, Wong CJ, Kaz AM, et al. Differences in DNA
methylation signatures reveal multiple pathways of
progression from adenoma to colorectal cancer. Gast-
roenterology. 2014;147;418-29¢8.

Ashktorab H, Belgrave K, Hosseinkhah F, et al. Glo-
bal histone H4 acetylation and HDAC2 expressi-
on in colon adenoma and carcinoma. Dig Dis Sci.
2009;54:2109-2117.

Jung G, Hernandez-1Illan E, Moreira L, et al. Epigeneti-
cs of colorectal cancer: biomarker and therapeutic po-
tential. Nat Rev Gastroenterol Hepatol. 2020;17:111-
130.

Boland CR, Goel A, Patel SG. The genetic and epige-
netic landscape of early-onset colorectal cancer. Future
Medicine Colorectal Cancer. 2020;9(3):crc23.

Ogino S, Kawasaki T, Nosho K, et al. LINE-1 hypomet-
hylation is inversely associated with microsatellite ins-
tability and CpG island methylator phenotype in co-
lorectal cancer. Int ] Cancer. 2008;122(12):2767-2773.
Quintero E, Castells A, Bujanda L, et al. Colonoscopy
versus fecal immunochemical testing in colorec-
tal-cancer screening. N Engl ] Med. 2016;374(19):1898.
Snyder MW, Kircher M, Hill A]J, et al. Cell-free DNA
comprises an in vivo nucleosome footprint that infor-
ms its tissues-of-origin. Cell. 2016;164:57-68.

Li M, Chen WD, Papadopoulos N, et al. Sensitive di-
gital quantification of DNA methylation in clinical
samples. Nat Biotechnol. 2009;27(9):858-863.
Itzkowitz SH, Jandorf L, Brand R, et al. Improved fecal
DNA test for colorectal cancer screening. Clin Gastro-
enterol Hepatol. 2007;5:111-117.

Itzkowitz S, Brand R, Jandorf L, et al. A simplified, no-
ninvasive stool DNA test for colorectal cancer detecti-
on. Am ] Gastroenterol. 2008;103:2862-2870.

Tang D, Liu J, Wang DR, et al. Diagnostic and prog-
nostic value of the methylation status of secreted frizz-
led-related protein 2 in colorectal cancer. Clin Invest
Med. 2011;34(2):E88-E95.

Bartak BK, Kalmar A, Péterfia B, et al. Colorectal ade-
noma and cancer detection based on altered methyla-

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

tion pattern of SFRP1, SFRP2, SDC2, and PRIMAL in
plasma samples. Epigenetics. 2017;12(9):751-763.
Park SK, Baek HL, Yu J, et al. Is methylation analysis of
SERP2, TFPI2, NDRG4, and BMP3 promoters suitable
for colorectal cancer screening in the Korean populati-
on?. Intest Res. 2017;15(4):495-501.

Glockner SC, Dhir M, Yi JM, et al. Methylation of
TFPI2 in stool DNA: a potential novel biomarker
for the detection of colorectal cancer. Cancer Res.
2009;69(11):4691-4699.

Zhang H, Zhu YQ, Wu YQ, et al. Detection of promo-
ter hypermethylation of Wnt antagonist genes in fecal
samples for diagnosis of early colorectal cancer. World
] Gastroenterol. 2014;20(20):6329-6335.

Imperiale TF, Ransohoff DF, Itzkowitz SH, et al. Mul-
titarget stool DNA testing for colorectal-cancer scree-
ning. N Engl ] Med. 2014;370:1287-1297.

Eckmann JD, Ebner DW, Kisiel JB. Multi-Target Stool
DNA Testing for Colorectal Cancer Screening: Emer-
ging Learning on Real-world Performance. Curr Treat
Options Gastroenterol. 2020.

Prince M, Lester L, Chiniwala R, et al. Multitarget
stool DNA tests increases colorectal cancer screening
among previously noncompliant Medicare patients.
World ] Gastroenterol. 2017;23:464-471.

Cooper GS, Markowitz SD, Chen Z, et al. Performance
of multitarget stool DNA testing in African American
patients. Cancer. 2018;124:3876-3880.

Mouliere E, Rosenfeld N. Circulating tumor-derived
DNA is shorter than somatic DNA in plasma. Proc
Natl AcadSci USA. 2015;112:3178-3179.

Thomas ML, Marcato P. Epigenetic modifications as
biomarkers of tumor development, therapy respon-
se, and recurrence across the cancer care continuum.
Cancers (Basel). 2018;10(4):101.

Myint NNM, Verma AM, Fernandez-Garcia D, et al.
Circulating tumor DNA in patients with colorectal
adenomas: assessment of detectability and genetic he-
terogeneity. Cell Death Dis. 2018;9:894.

Reinert T, Henriksen TV, Christensen E, et al. Analy-
sis of plasma cell-free DNA by ultradeep sequencing
in patients with stages I to III colorectal cancer. JAMA
Oncol. 2019;5:1124-1131.

Tie ], Cohen JD, Wang Y, et al. Circulating tumor DNA
analyses as markers of recurrence risk and benefit of
adjuvant therapy for stage III colon cancer. JAMA On-
col. 2019;5:1710-1717.

Wang Y, Li L, Cohen JD, et al. Prognostic potential of
circulating tumor DNA measurement in postoperative
surveillance of nonmetastatic colorectal cancer. JAMA
Oncol. 2019;5:1118-1123.

Nikolaou S, Qiu S, Fiorentino E et al. Systematic re-
view of blood diagnostic markers in colorectal cancer.
Tech Coloproctol. 2018;22:481-498.

Young GP, Pedersen SK, Mansfield S, et al. A crossse-
ctional study comparing a blood test for methylated
BCAT1 and IKZF1 tumor-derived DNA with CEA for
detection of recurrent colorectal cancer. Cancer Med.
2016;5:2763-2772.



Kolorektal Kanser ve Epigenetik 335

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Oh T, Kim N, Moon Y, et al. Genome-wide identifica-
tion and validation of a novel methylation biomarker,
SDC2, for blood-based detection of colorectal cancer. |
Mol Diagn. 2013;15:498-507.

Church TR, Wandell M, Lofton-Day C, et al. Pros-
pective evaluation of methylated SEPT9 in plasma
for detection of asymptomatic colorectal cancer. Gut.
2014;63:317-325.

Lofton-Day C, Model E Devos T, et al. DNA methy-
lation biomarkers for blood-based colorectal cancer
screening. Clin Chem. 2008;54:414-423.

Jin P, Kang Q, Wang X, et al. Performance of a second-
generation methylated SEPT9 test in detecting colore-
ctal neoplasm. J Gastroenterol Hepatol. 2015;30:830-
833.

Okugawa Y, Grady WM, Goel A. Epigenetic alterations
in colorectal cancer: emerging biomarkers. Gastroen-
terology. 2015;149:1204-1225.e12.

Juo YY, Johnston FM, Zhang DY, et al. Prognostic value
of CpG island methylator phenotype among colorectal
cancer patients: a systematic review and meta-analysis.
Ann Oncol. 2014;25:2314-2327.

Ogino S, Nosho K, Kirkner GJ, et al. A cohort study
of tumoral LINE-1 hypomethylation and prognosis in
colon cancer. ] Natl Cancer Inst. 2008;100:1734-1738.
Dienstmann R, Salazar R, Tabernero J. Personali-
zing colon cancer adjuvant therapy: selecting opti-
mal treatments for individual patients. ] Clin Oncol.
2015;33:1787-1796.

Gallois C, Taieb J, Le Corre D, et al. Prognostic value of
methylator phenotype in stage III colon cancer treated
with oxaliplatin-based adjuvant chemotherapy. Clin
Cancer Res. 2018;24:4745-4753.

Ebert MP, Tanzer M, Balluff B, et al. TFAP2E-DKK4
and chemoresistance in colorectal cancer. N Engl J
Med. 2012;366:44-53.

Luo Y, Yu M, Grady WM. Field cancerization in the
colon: a role for aberrant DNA methylation? Gastro-
enterol Rep (Oxf). 2014;2:16-20.

Cui H, Onyango P, Brandenburg S, et al. Loss ofimp-
rinting in colorectal cancer linked to hypomethylation
of H19 and IGF2. Cancer Res. 2002;62:6442-6446.
Suzuki H, Watkins DN, Jair KW, et al. Epigenetic inac-
tivation of SFRP genes allows constitutive WNT signa-
ling in colorectal cancer. Nat Genet. 2004;36:417-422.
Kawakami K, Ruszkiewicz A, Bennett G, et al. DNA
hypermethylation in the normal colonic mucosa of pa-
tients with colorectal cancer. Br ] Cancer. 2006;94:593—
598.

Shen L, Kondo Y, Rosner GL, et al. MGMT promoter
methylation and field defect in sporadic colorectal
cancer. ] Natl Cancer Inst. 2005;97:1330-1338.
Kamiyama H, Suzuki K, Maeda T, et al. DNA demethy-
lation in normal colon tissue predicts predisposition to
multiple cancers. Oncogene. 2012;31:5029-5037.
Grady WM, Parkin RK, Mitchell PS, et al. Epigene-
tic silencing of the intronic microRNA hsa-miR-342
and its host gene EVL in colorectal cancer. Oncogene.
2008;27:3880-3888.

86.

87.

88.

89.

Issa JP. Aging and epigenetic drift: a vicious cycle. ]
Clin Invest. 2014;124:24-29.

Bell JT, Spector TD. DNA methylation studies
using twins: what are they telling us? Genome Biol.
2012;13:172.

Bell JT, Saffery R. The value of twins in epigenetic epi-
demiology. Int ] Epidemiol. 2012;41:140-150.

Nassar FJ, Msheik ZS, Nasr RR, Temraz SN. Methyla-
ted circulating tumor DNA as a biomarker for colo-
rectal cancer diagnosis, prognosis, and prediction. Cli
Epigenetics. 2021; 13(1):111.



